was 3.19\m=+-\0.21pW/cell, significantly higher than in 7 patients with subclinical hyperthyroidism (2.14 \ m=+-\ 0.11 pW/cell) and in 15 euthyroid subjects (2.26\m=+-\0.11pW/cell) (p<0.001). The 
Specific thyroid hormone stimulation of Na/K ATP-ase dependent Na/K pump function has previously been suggested to be of major importance for an increased cellular thermogenesis in hyperthyroidism (1) . Using microcalorimetry (2) , we have demonstrated an increased heat production rate in erythrocytes (3) and lymphocytes (4) in hyperthyroidism as well as a de¬ creased heat production rate in platelets and adipocytes in hypothyroidism (5) . To evaluate the role of the Na/K pump function for the increased cellular thermogenesis in hyperthyroidism, erythrocyte heat production rate has been measured with and without ouabain inhibition of Na/K ATP-ase. The relative contribution of the Na/K pump power to total heat production rate was found to be in the same order in the hyperthyroid as in the euthyroid state (3) . These data did not support the hypothesis of a specific effect of thyroid hormones on Na/ K pump function. However, since nuclear receptors are regarded to be of major importance for thyroid hormone effects at the cell level (6) The calorimetric measurements were carried out immediately after the preparation (7).
Calorimetric measurements
The lymphocyte suspension was enclosed in a 1.2 ml steel ampoule during measurement of heat production performed by a microcalorimeter of heat conduction type (LKB 10700) at steady state and at 37°C as described earlier (7) . Data on heat production rate thus obtained were expressed in pW/cell (pJ•sec-1 •cell-1).
Determination of Na/K pump power The energy expended through Na/K pump activity is dependent on the activity of cell membrane bound Na/K ATP-ase, which can be inhibited by ouabain (9) and leucocytes (10) from hyperthyroid subjects, while decreased sodium pump activity (11), Na/K ATP-ase activity (12, 13) and number of sodium pump sites (14) have been found in erythrocytes in hyperthyroidism. However, the relationship between the number of ouabain binding sites and the energy expenditure by Na/K ATP-ase dependent sodium transport has not been clarified.
Lymphocytes are easily accessible nucleated cells, previously demonstrated to carry thyroid hormone receptors (15, 16) , and are therefore useful for microcalorimetric studies of thyroid hormone effects and thereby more representative for other tissue cells than erythro¬ cytes. The finding of an increased lymphocyte heat production rate in hyperthyroidism reflects directly the net calorigenic effect of thyroid hormones on lympho¬ cytes and this is supported by the significant correlations between the lymphocyte heat production rate on the one hand and the free thyroxine level and heart rate on the other in the present study.
However, the difference in lymphocyte heat produc¬ tion rate between samples with and without ouabain, corresponding to Na/K pump power, did not specifically account for the increased total lymphocyte heat produc¬ tion rate. Thus, although the absolute value (pW/cell) of the Na/K pump power was higher in hyper-compared to euthyroidism, the relative contribution of this function to total lymphocyte thermogenesis was of the same order in hyperthyroidism, clinical as well as subclinical, and in euthyroid controls. In an earlier study on erythrocyte thermogenesis, we found that similarly obtained data on Na/K pump power were well correlated to the change in the intracellular sodium level (3) . It is therefore justified to assume that the present findings on lymphocyte Na/K pump power reflect the functional activity of the Na/K pump in these cells.
The present data on lymphocyte metabolism are in accordance with an earlier report that the ouabain binding capacity in lymphocyte membranes did not increase in parallel with the thyroid hormone level in hyperthyroidism (17) . Furthermore, our present data agree with earlier results from mammalian skeletal muscle (18) and rat hepatocytes (19) , where Na/K transport and Na/K ATP-ase thermogenesis respect¬ ively, could not be demonstrated to be of major impor¬ tance for the increased thermogenesis in the hyper¬ thyroid state.
The mechanism whereby thyroid hormones regulate cell thermogenesis is thus still unclear. We have pre¬ viously found that the increased heat production rate in erythrocytes from hyperthyroid patients is due to a parallel stimulation in aerobic and anaerobic pathways and that no less than about 60% of erythrocyte heat production rate takes place along the Embden Mayerhof pathway, corresponding to anaerobic metabolism (20) . In the present study we (Fig. 2) .
In conclusion, by using direct microcalorimetry, we found that the relative contribution of the Na/K pump power to total lymphocyte heat production rate in hyperthyroidism was of the same order as in euthyroid controls, indicating that the energy expenditure by the Na/K pump function is not of specific importance for the increased lymphocyte thermogenesis demonstrated in hyperthyroidism. Furthermore, aerobic and anaerobic pathways in lymphocytes seem to be stimulated in parallel in hyperthyroidism, the aerobic processes con¬ tributing to about 60% of total energy expenditure in these cells.
